Introduction
What is a beach day worth? In coastal areas around the country, beach recreation is a popular activity among residents and visitors. In southern coastal areas, such as Southern California, it is also a major cultural and economic activity. Consequently, efficiently managing coastal resources necessarily involves accounting for the value of beach recreation. Along these lines, economic values of beach use are needed to evaluate coastal projects and policies that may restrict or enhance beach recreation, such as beach closures resulting from sewage overflows or sand replenishment projects to widen beaches. Beach day values are also important in natural resource damage assessment (NRDA) cases where environmental accidents temporarily restrict recreation opportunities along the coastline, since lost or impaired recreation opportunities are an important component of the overall economic damages.
Daniel K. Lew is an economist at NOAA Fisheries, Alaska Fisheries Science Center and visiting scholar in the Department of Environmental Science and Policy, University of California, Davis, CA 95616, email: Dan.Lew@noaa.gov Douglas M. Larson is a professor in the Department of Agricultural and Resource Economics, University of California, One Shields Ave., Davis, CA 95616 and member, Giannini Foundation of Agricultural Economics, email: dmlarson@ucdavis.edu This article and its findings do not necessarily reflect the views of the Department of Commerce, the National Oceanic and Atmospheric Administration, or the National Marine Fisheries Service. It was originally presented at the 80 th Annual Conference of the Western Economics Association International in San Francisco. The authors wish to thank Ron Felthoven, Alan Haynie, and session participants for helpful comments that have improved the article. All remaining errors are our own. This article presents beach day 1 values for San Diego County in California, derived from random utility maximization-based recreation demand models that explain whether and where San Diego beach users choose to visit. Particular attention is given to the treatment of the time costs of recreation in these models. In contrast to the usually ad hoc ways of estimating the opportunity cost of time in recreation demand models, we estimate the shadow value of leisure time (SVLT) jointly with beach trip demand using information from beach users' labor market choices. Since the SVLT is a latent variable, it is treated as stochastic in the estimation. This is a natural way to generate correlated choices in a fixed parameter choice model; as a result, choice probabilities do not exhibit the well-known Independence of Irrelevant Alternatives (IIA) property symptomatic of standard multinomial logit models.
The beach demand model is a repeated nested logit model of beach recreation participation and site choice that explicitly accounts for unobserved opportunity costs of time using information from labor market choices. Using data collected from San Diego County residents, the model is used to estimate the economic value of a beach day. It presents both empirical and conceptual advances to the state of the art of estimating beach demand. Empirically, it provides new estimates of economic values for San Diego County beaches, which are among the most heavily used in the country. Conceptually, it advances the repeated nested logit recreation demand framework by rigorously incorporating time constraints to choice and jointly estimating a stochastic opportunity cost of time along with beach participation choices.
Economic Values of Beach Recreation
Since beach recreation is not traded in markets with explicit prices, its economic value is not easily observed. The primary methods used in the valuation of beach recreation are the travel cost model and contingent valuation method. Deacon and Kolstad (2004) review several studies that value saltwater beach recreation with values ranging from $0.41 to $13.00 per day (in 1990 dollars). Most past studies have focused on estimating recreational beach values for East Coast beaches (Bell and Leeworthy 1990; Binkley and Hanemann 1978; McConnell 1977 McConnell , 1992 Silberman and Klock 1988; Parsons, Massey, and Tomasi 1999; Parsons and Massey 2003) or Great Lakes (Murray, Sohngen, and Pendleton 2001) .
The current supply of California beach recreational value information useful for policy purposes is small. In the American Trader oil spill case, for instance, experts were unable to find suitable California beach values to assess beach recreation losses in Orange County in Southern California, instead using values for Florida beach recreation (Chapman and Hanemann 2001) . Leeworthy and Wiley (1993) report several estimates of the value of beach recreation for three Southern California beach areas (Santa Monica, Leo Carillo, and Cabrillo-Long Beach) generated from recreation surveys conducted by the National Oceanic and Atmospheric Administration (NOAA).
2 Beach values ranged from $8.16 to $146.97 per person per day (in 1989 dollars), and varied significantly over sites and over assumptions about the opportunity cost of travel time. These estimates were generated from simple travel cost demand models that ignored substitute sites and income effects and consequently did not provide reliable beach value estimates.
3 More recently, studies by Hanemann 1 In this article, a "beach day" is a beach trip taken by an individual for any amount of time up to a full day. 2 In addition, Leeworthy, Schruefer, and Wiley (1991) use contingent valuation to estimate willingnessto-pay for access to five California beaches. 3 The authors note that due to widespread item non-response, the demand specification excluded income. et al. (2004) and by Lew and Larson (2005a,b) have provided utility-theoretic welfare estimates of Southern California beach recreation values based on random utility models that account for the full range of beach substitutes available to beachgoers. Hanemann et al. (2004) provide estimates for beach closures and water quality changes at Los Angeles-area beaches. They estimate that the average value of a beach day, where one beach is closed but all others are open, is approximately $11 per person per day. They further analyze closures of a specific beach (Huntington State Beach) and find that a one-day closure of this beach, with all others remaining open, would cause a reduction in visits of approximately 1,200 and an aggregate welfare loss of about $100,000. Lew and Larson (2005b) provide estimates of the value of a beach trip from San Diego County using a model where trips are taken given a person decides to visit the beach, but this does not account for the decision of whether or not to visit a beach. That study also analyzed a single (most recent) trip for each respondent, which may lead to a site-selection bias to coefficients and welfare estimates because the most recently visited site is likely to be more frequently visited than the average beach. In this article, the use of the repeated nested logit model, which incorporates all of the sites the individual visits in their choice set, and including the opt-out alternative of staying home as part of the choice set, avoids these problems.
The Role of Time in Recreational and Labor Supply Choices: A Framework
This section explains the conceptual and empirical elements of the joint model used to estimate the value of a beach day. First, the labor supply model under both equilibrium and disequilibrium conditions is introduced, then it is integrated into a model of whether and where to go to the beach.
The opportunity cost of time spent traveling to and from the beach is a real cost that must be accounted for as part of the price of going to the beach. 4 This opportunity cost, or SVLT, is the value of time spent in the other activities forgone in lieu of going to the beach and as a rule is not directly observable. 5 Often, the wage rate is used as a proxy for the SVLT, although as discussed by Bockstael, Strand, and Hanemann (1987) , this is problematic because it does not reflect the true opportunity cost of leisure time for workers facing fixed work schedules.
Economists have long recognized that individual's observed decisions in the labor market and elsewhere, which trade off time and money costs of activities, can be used to measure the SVLT more realistically than simply assuming that it is the hourly wage. Feather and Shaw (2000) and Lew and Larson (2005a,b) have modified the Heckman model of labor supply for use in better estimating the SVLT appropriate for recreation trips (Heckman 1974) . This article also uses a labor supply model for that purpose. Because it follows Feather and Shaw (2000) and Lew and Larson (2005a) closely, the development of this model is brief, and interested readers can find the details in these sources.
Four categories describe people's involvement with the labor market: (i) workers with flexible work schedules, who can adjust the number or timing of hours worked; (ii) non-workers, who supply zero hours to the labor market (typically in-cluding students, full-time homemakers, and other unemployed persons); and two types of workers with fixed work schedules: (iii) overemployed workers, who would work fewer hours if possible; and (iv) underemployed workers, who are working fewer hours than they prefer. 6 The importance of these distinctions is that they determine both the extent of the connection of the SVLT to the wage and, where they differ, the relationship between the magnitudes of the two. Category (i) describes the labor market in equilibrium, where the wage and SVLT are equal, while (ii), (iii), and (iv) are all cases of disequilibrium, where the wage and SVLT are different.
Under the standard assumption that work time does not yield utility, the SVLT for flexible schedule workers is their wage w, since they are able to adjust hours worked to balance the benefits of leisure with the benefit of another hour worked. The unemployed must have a SVLT that exceeds the wage they could earn (which is unobserved), for if this was not true, they would prefer to work. The SVLT of overemployed workers is greater than w; since they would prefer more leisure time, its value at the margin is higher. The opposite is true for underemployed workers: their SVLT is less than w at the current number of hours worked.
To summarize the labor market information available for use in estimating recreation trip choices, let the SVLT be ρ(M, T, s 1 ), a function of money income, M; time, T; and individual characteristics, s 1 . In turn, M is the sum of labor earnings w·h from working h hours and non-wage income A (i.e., M = w·h + A), while T is the discretionary time available after labor supply (i.e., T = T′ -h, where T′ is the total time available). Letting the market wage function be W(s 2 ), where s 2 is a vector of exogenous variables describing individual skills, Feather and Shaw (2000) show that the labor market relationships between the SVLT and the market wage are:
To see how the SVLT also enters recreation decisions, begin first with the conditional indirect utility for the preferred beach, j, on a given choice occasion. 7 This conditional indirect utility function is the result of optimizing with respect to other activities, namely labor supply (h) and consumption of other goods x = [x 1 ,…,x m ], as represented by the Lagrangian:
where beach alternative j has a money cost of p j and a time price t j , while other 6 Feather and Shaw (2000) showed how this additional piece of information about workers (whether they consider themselves overemployed or underemployed) can provide considerably more explanatory power in identifying the market wage function. It is straightforward to obtain and easily understood, because respondents are asked simply whether they are working more hours than they would like (given their current wage) or less hours. 7 The relationship of this conditional indirect utility function (which describes choice on a single choice occasion) to the more familiar (unconditional) indirect utility function is described below when the repeated discrete choice model is developed. 8 Similar money and time-constrained recreation demand models were explored by Bockstael, Strand, and Hanemann (1987); McConnell (1992) ; Larson (1993); and Larson and Shaikh (2001 
Optimal Recreation Choices of Flexible-schedule Workers
When hours (h) are chosen freely, the first-order conditions can be solved for the optimized values of the choice variables, x j (p, t, A, T′) and the SVLT, ρ j (p, t, A, T′) ≡ μ j /λ j and ρ j (p, t, A, T′) = w, as in equation (1) above. 10 Optimal demands are of the form:
that is, they are functions of the full prices p + w·t and full income A + w·T′, with the market wage, w, as the terms of trade between time and money (Bockstael, Strand, and Hanemann, 1987) . Substituting the optimal demands (6) into the conditional utility function (5) yields the conditional indirect utility functions V j (p + w·t, A + w·T′) that identify the maximum utility if beach j is chosen.
Optimal Recreation Choices of Non-workers and Fixed-schedule Workers
People who are not working or have fixed work schedules do not choose the number of hours they work per week. The key difference is that the SVLT is no longer equal to the discretionary wage rate, but the two have the relationships given in equations (2)-(4). Optimal demands for these cases are still functions of full prices and full income, though the terms of trade between time and money are the latent function ρ j (p, t, A, T′) instead of w (Larson and Shaikh 2001) ; i.e., other goods demands and conditional indirect utility are:
The labor supply model estimates both the market wage function W(s 2 ) and the SVLT ρ(M, T, s 1 ) for the four labor supply classes described in equations (1)- (4). The market wage equation for the ith individual is specified as:
where α is a vector of parameters and e i is a normally distributed disturbance term. Empirical studies suggest that the market wage is positively influenced by labor market participants' education and experience (Mincer 1974) . Additionally, Gunderson (1989) , among numerous other studies, found that wages differ by gen-9 It is assumed that the vector x includes both a time and money numeraire good to ensure that the budget constraints bind. The time numeraire good is time costly, but not money costly, while the converse is true of the money numeraire good. 10 See Lew and Larson (2005a) for details about the first-order conditions. der, with males typically earning higher wages than females, ceteris paribus. Thus, the variables assumed to shift the market wage are age (serving as a proxy for experience), education, and gender.
The SVLT for the ith individual is specified as:
where s 1i is the individual's SVLT shifters, and ε i is a normally distributed disturbance term. The function is positive-valued and increasing at an increasing rate in hours worked, indicating that the marginal value of non-work time increases as the individual works more. Several recent studies provide evidence that the SVLT is conditional on demographic variables such as gender and household size.
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The errors, e i and ε i , are assumed to be bivariate-normally distributed disturbances each with zero means and standard deviations, σ e and σ ε , respectively, and a correlation coefficient r. Given the stochastic assumptions and equilibrium conditions in the labor market, the probability of observing a flexible schedule worker (L 1 ), non-worker (L 2 ), overemployed worker (L 3 ), or underemployed worker (L 4 ) can be calculated and are presented in table 1. With the exception of L 1 , the probabilities are written in terms of the standard normal cumulative distribution function (Φ) and probability density function (φ). The component of the log-likelihood function associated with the labor supply model is:
where D ki is 1 if the ith individual is in the kth labor class and 0 otherwise, where k = 1, 2, 3, 4, corresponding to flexible hours, non-workers, overemployed, and underemployed, respectively.
A Repeated Nested Logit Model of Participation and Site Choice
Beach users' values for recreation are revealed through two choices made on each choice occasion: whether or not to visit a beach (the participation decision) and which beach to visit (site choice decision). These decisions depend upon the (time and money) costs of visiting each beach, the features of the beaches that are important to their recreation experience, and the non-beach recreation opportunities available. This two-stage decision process can be modeled over the season using a repeated nested multinomial logit (RL) model (Morey, Rowe, and Watson 1993) . This is an extension of the commonly used nested multinomial logit model (NMNL).
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In contrast to previous NMNL models of recreational participation and site choice, in this application the SVLT is treated as stochastic in the recreation decision. Lew and Larson (2005a) showed that ignoring the stochastic nature of unobserved opportunity costs of time in discrete-choice recreation demand models leads to biased parameter estimates, and, hence, biased welfare estimates. In this article, labor market information and recreational choice decisions are combined to estimate stochastic SVLT value functions when multiple recreation choices are made during the course of a season.
The season is divided into T choice occasions, during each of which the individual chooses to participate by visiting one of J beach sites, or to not participate. 13 In the participation decision, we specify the conditional utility for the ith individual 13 In our application, T = 60 to allow for daily visits to the beach during a two-month period, as was observed in a small fraction of the sample. , and 
not going to any beach in the tth choice occasion as U i0t . 14 This utility is assumed to be the sum of a deterministic component,
15 which is a function of a vector of observable individual-specific characteristics (z it ), and a disturbance term, ξ i0t , that represents the variation in utility that is unobservable to the researcher, but known to the individual.
The decision to participate in beach recreation on a given occasion depends both on U i0t and on the anticipated satisfaction of visiting beaches. We define the conditional indirect utility for the ith individual visiting the jth beach site on the tth choice occasion as:
where θ and γ are parameters to be estimated, c ijt is the "full price" of visiting the jth beach (j = 1,…,J) by the ith individual (i = 1,…,N) on the tth choice occasion (t = 1,…,T), q jt is a vector of site attributes for the jth site at time t, and ξ ijt is the econometric error. 16 The full price of a visit to the beach includes both the time cost and the out-of-pocket money cost and is written as c ijt = p ijt + ρ i ·t ijt , where p ijt is the money cost of visiting beach j by individual i, t ijt is the time required to visit site j by the ith individual at time t, and ρ i is the money cost of the time spent for the ith individual; i.e., his or her SVLT.
For this two-level nested choice, the error associated with the ith individual's conditional indirect utility of the jth beach if choosing to visit a beach in time t, ξ ijt , is assumed to follow a generalized extreme value (GEV) distribution. For any individual and choice occasion (and dropping the individual and time notation, i and t, to simplify the exposition), the probability of choosing the jth beach is:
and the probability of not visiting a beach is:
where d is the dispersion parameter of the distribution. 17 The parameter d is also known as the inclusive value parameter and measures the degree of substitutability between the non-participation and site-choice decisions. It is the presence of these 14 U i0t is a reference level of utility for the individual, which does not vary across beach choices. It does, however, vary over individuals, and possibly time, which is why it is modeled as a function of individual characteristics. 15 The linear conditional indirect utility assumption is widespread in the literature. 16 The unconditional indirect utility function can be obtained from the maximum indirect utility from each choice occasion. Letting j t * be the utility-maximizing beach on choice occasion t and I t be a dummy variable that takes the value I t = 1 if the person actually goes to a beach on that choice occasion (with I t = 0 otherwise), the occasion-t expected indirect utility is V I c q I z it t ij t j t t it
The expected indirect utility function with T choices in a season is:
So long as θ is negative, equation (8) satisfies the usual theoretical restrictions imposed by consumer theory. 17 When 0 ≤ d ≤ 1, this cumulative density function is globally well defined and thus is consistent with stochastic utility maximization (McFadden 1978). inclusive value parameters that relaxes the restrictive IIA property of the multinomial logit model (MNL) across nests. Note that if d = 1, the NMNL model reduces to the MNL model.
Our estimation approach uses the additional information provided by labor market decisions to estimate the SVLT jointly with the recreation site choice decision, explicitly recognizing that the SVLT is observed with error in both the labor market and recreational choice decisions.
A principal concern with the NMNL approach is that it implies no correlation among choices within nests, which in this case would mean that the site choice probabilities exhibit the IIA property. A common way of relaxing this restrictive property in conditional logit models is to let the parameters of the model be random (Train 1998) . Explicitly modeling the stochastic SVLT in the beach choice model and jointly estimating it with the labor supply choice is another way of introducing random parameters, so that the choice probabilities do not suffer from IIA.
In this joint estimation model, the recreational choice probabilities are conditional upon the realized SVLT value for each individual. Thus, to estimate it, the probabilities must be evaluated over the distribution of SVLT values, resulting in a form of the mixed logit model. 18 The individual-specific probabilities to be estimated for each choice occasion thus take the form:
where the conditional indirect utilities are functions of each individual's stochastic SVLT, and f(ρ | Ω) is the probability density function of the SVLT function with parameters Ω. The beach choice model can be estimated using simulated maximum likelihood to maximize the simulated log-likelihood function:
where d ntj equals 1 when the nth individual chooses the jth beach in time t and 0 otherwise, d nt0 equals 1 when the nth individual chooses not to visit a beach in the tth time period and 0 otherwise. Combining the results from (7) and (9), respectively, the log-likelihood for the combined labor market-recreation choice model is LL = LL HFS + LL s .
Data
A telephone-mail-telephone survey was conducted on a sample of randomly chosen households in San Diego County during the period from January 2000 through March 2001. A preliminary phone interview was used to identify beach users who 18 See Brownstone and Train (1999) and Train (1998). had gone recently (in the most recent two weeks) or were planning to go to the beach in the upcoming two weeks from the time of the interview. This one-month window of time was chosen to improve the respondents' recall about their recent beach experiences. Persons satisfying this requirement were asked whether they would participate in a follow-up interview that collected detailed information on recent beach experiences. Those who agreed were mailed a booklet that contained questions and information to prepare them for the follow-up phone interview. Out of the 3,740 initial interviews completed, 19 1,105 were qualified beach users, who had visited a San Diego beach or were planning an upcoming trip within the one-month window. Only 8% of those initially interviewed were non-users who had not visited a San Diego County beach, or were not planning a future beach visit. Of the qualified beach users, 74% agreed to participate in the follow-up interview. Unless reached before then, these individuals were called at least fifteen times (and up to 20 times) at varying times of the day for the follow-up interview after being sent the booklet. A total of 607 follow-up interviews were completed from this group. Of the 428 who did not complete follow-up interviews, there were 83 refusals, 2 partial interviews, and the remainder could not be contacted for a variety of reasons (e.g., invalid numbers). 20 Of the 607 beach users completing the follow-up interview, 494 provided sufficient information to be used to estimate the economic model. Table 2 provides a summary of several important characteristics of the sample.
The data set contains information on respondents' trips to San Diego County bay or coastal beaches over the two-month period. The 31 San Diego County beach areas used for the analysis are listed in table 3, which also shows the number of trips taken to each beach area. Pacific, Mission, and Ocean Beaches, all in the City of San Diego, were the most popular, accounting for about 37% of all beach trips in the sample. The mean number of trips taken by a respondent during the two-month period was 17.92, with an average of 3.77 beaches visited. Fifteen respondents indicated visiting the beach everyday, and the most beaches visited by any individual during the two-month period was 15. 19 In total, 3,740 screener interviews were completed, 2,296 refused, and the remaining cases could not be contacted for a variety of reasons (e.g., phone number no longer in service). Given that 83 partial interviews were completed, the total number of individuals successfully contacted was 6,119. Since 3,740 completed the preliminary screening interview to identify qualified beach users, the cooperation rate was 61%. 20 The cooperation rate, defined as the number of completed interviews (607) over the total number of cases successfully contacted (692), is 88%. Both the distances traveled and time required to visit each beach were calculated for each individual using geographic information systems. 21 Across the sample, the mean round-trip travel time for the most recent trip taken was 0.79 hours, or about 47 minutes. The monetary travel costs depended upon the mode of travel and the distance traveled. For those who drove to the beach (~85%), the cost per mile for vehicle travel was calculated using figures on costs per mile collected by the Southern California branch of the American Automobile Association. 22 The money costs per mile for non-automotive modes of travel are assumed to be zero, except for travel by boat (<1%), which is assumed to have the same cost per mile as driving. 21 The travel times and distances were calculated using the Network Analyst module within ArcView GIS assuming a distance minimization criterion. 22 The AAA cost per mile estimate accounts for gas and oil, maintenance, and tires. For 2001, the AAA cost per mile was 14.6 cents. Those who walk (~12%) or bike (~2%) to the beach accrue time costs of travel, but are assumed to have no out-of-pocket expenses. The travel costs were calculated for each beach area for each beach user.
Respondents were asked about their labor status, for use in modeling their labor market choices. Almost three-quarters of the sample were full-or part-time workers. Together with self-employed workers, about 80% of the sample indicated they worked, with the majority being full-time workers. The remaining 99 people, who categorized themselves as temporarily unemployed, students, homemakers, retired, or disabled and unable to work, are non-workers. With respect to the labor categories used in the empirical labor supply model, over a third (167 or 33.81%) of the sample had flexible work schedules. Almost half of all respondents (228 or 46.15%) faced fixed work schedules and were thus classified as either overemployed (95 or 19.23%) or underemployed (133 or 26.92%).
Results
Welfare estimates in random utility models can be sensitive to choice set considerations, particularly the aggregation of smaller sites into larger sites (Parsons and Needleman 1992; Feather 1994; Haener et al. 2004) . This is potentially an important issue in modeling beach recreation in areas like Southern California, where beach areas are often contiguous and multiple beach sites may be accessible on a single beach trip. To assess the effect of aggregating beach sites, two models were estimated that differ in the definition of the beach choice set. The full sites model uses all 31 beach sites enumerated in table 3, and the aggregate sites model uses a smaller set of sites where contiguous beach areas are combined into single sites, resulting in a choice set of 16 beach areas. Beaches lying within the city limits of the following municipalities were aggregated: Carlsbad, Encinitas, Solana Beach, Del Mar, La Jolla, 23 and San Diego. The models were estimated using maximum simulated likelihood in GAUSS. The conditional indirect utility associated with site choices is assumed to depend upon the full price of travel to each beach and physical and managerial attributes of each beach including its length; the presence or absence of lifeguards (both stationed and mobile); managed activity zones (e.g., swimming-only areas); availability of free parking; and whether its surface suffers from cobblestoning, a seasonal loss of sand that exposes cobblestones and pebbles. The factors assumed to affect participation decisions are the individual's gender, age, educational level, and household size. Table 4 presents the parameter estimates and associated asymptotic t-values for each model. 24 The estimated conditional utility parameters of the recreational choices (site choice and participation) are similar for both models. 25 In the conditional site utility function, the price coefficient is negative and statistically different from zero, as expected, suggesting the probability of visiting a site diminishes with increased travel costs. The length coefficients in the full sites model are significant and of opposite sign, implying that utility increases with beach length at a decreasing rate, all else being equal. In the aggregate sites model, the signs of the length coefficients imply the same thing, though only the squared beach length parameter is statistically significant. The inclusive value index in both models is positive, significantly different from both zero and one, and in the range of values for which the model is consistent with stochastic utility maximization. In the indirect utility function for non-participation, the constant, education, and education squared parameters are statistically different from zero at the 5% level in both models. The signs of these coefficients suggest that, ceteris paribus, individuals with less education or larger families are more likely to not visit the beach in any given choice occasion. In the full sites model, household size is positive and statistically significant at the 10% level, indicating that individuals from larger households are less likely to visit the beach, while household size is not statistically significant in the aggregate sites model. Gender and age are not significant in either model.
The results for the labor supply model component are qualitatively similar across the models. In both models, the constants and standard deviation in the SVLT function is statistically different from zero at least at the 10% level. Although similar in signs and magnitudes, the two models differ markedly in the significance of demographic effects on SVLT. In the full sites model, household size and gender are insignificant. In the aggregate sites model, gender and household size coefficients are statistically different from zero at conventional levels.
In both models, only the standard deviations are statistically significant in the market wage function. Gender, age, and education do not seem to be statistically related to the market wage. The correlation coefficient, r, however, is statistically different from both zero and one in both models (0.40 in the full sites model and 0.25 in the aggregate sites model). This suggests that the SVLT and market wage errors are positively correlated, although not perfectly.
Although both models predict the same signs and similar magnitudes for common statistically significant coefficients, the model results are not identical. Several parameters that are not significant in the full sites model are significant in the aggregate sites model, and the Likelihood Ratio Index (LRI), which measures goodness-of-fit, for the aggregate sites model (0.674) exceeds the LRI for the full sites model (0.585).
Welfare Estimates
A goal of this article is to estimate the value of a beach day using the model of repeated beach participation and site choice decisions. 26 To this end, define V(c, q) as the individual's expected utility in a given time period for a given vector of costs and quality attributes. In the NMNL model, this is:
0 5772 Σ where 0.5772 is Euler's constant. The expected per-choice occasion compensating variation (ECV) associated with a change from price and quality levels (c 0 , q 0 ) to new levels (c 1 , q 1 ) is defined implicitly by the identity V(c 0 , q 0 ) ≡ V(c 1 -ECV, q 1 ). This measure of the value of a beach day accounts for the fact that an individual has the choice not to visit the beach on a given choice occasion. The seasonal expected compensating variation is calculated by summing the ECV over the T time periods making up the season. When indirect utility is nonlinear in income, ECV must be calculated numerically, since it has no closed-form solution.
For the linear conditional indirect utility specification, indirect utility is linear in income and ECV has a closed-form solution, which reduces to:
To determine the value of a beach choice occasion specifically, the change of interest is from (c 0 , q 0 ) to (∞, q 0 ); that is, we wish to evaluate the expected compensating variation associated with a change from the present trip prices to the prices that would choke demand to zero at all beaches. This leads to the following ECV:
Note, however, that these welfare measures do not account for the fact that SVLT is stochastic. To calculate welfare measures consistent with our empirical model, equation (10) must be evaluated over the distribution of SVLT values; i.e.,
which can be calculated numerically using equation (11):
where R is the number of draws and ρ r is the rth draw from the SVLT distribution. The ECV day calculated from equation (11) for each model are reported in table 5, summarized across the sample of 494 beach users. The mean and median ECV day across the sample using the full sites model estimates are $ 22.93 and $22.36, respectively, and for the aggregate sites model are $ 22.08 and $21.44 . Extrapolating these to a two-month period (the timeframe used in the study), the value to residents of Krinsky and Robb (1986) . These confidence intervals clearly show the means have skewed distributions and also that they are not statistically different for the two models. Thus, aggregation of contiguous beaches had no appreciable effect on the value of a beach day in San Diego County.
Welfare impacts of individual site removal are presented in table 6. Because a "site" in the aggregate sites model is a group of 1-5 sites in the individual sites ) . Second, the welfare effects of removing a small group of sites is, in most instances, about the same as the sum of the individual site removal costs. The exception is for the highly valued Pacific, Mission, and Ocean Beach group near downtown San Diego, where removing all three beaches has a higher welfare cost (by about 15%) than the sum of the individual site removal costs. Third, there are some differences (most relatively small) in how the two models predict the welfare costs of removing small groups of beaches, a finding that has occurred regularly in the literature on aggregation in random utility recreation models. Table 7 presents mean implicit prices and confidence intervals for beach attributes, which show the effects of attributes on the expected value of a beach day. Presence of lifeguards, designated activity zones, and free parking lots are valued positively, as expected, with the magnitude being somewhat greater in the aggregate sites model. Implicit prices for free street parking near the beach and presence of cobblestones on the beach are not significantly different from zero.
Table 7
Implicit Prices of Beach Attributes and Characteristics theory. Allowing for error in specification of the SVLT generates a random parameters logit which induces correlation among the alternatives within nests, so the model does not suffer from the IIA property.
The model was estimated using data collected from households in San Diego County on their use of county beaches during 2000-01. Two levels of aggregation are considered: a model with each of the 31 area beaches as a choice alternative, and a 16-beach model which aggregates nearby and contiguous beaches. Both models are highly significant with correct signs and significance on the key economic variables. Aggregation appears to help somewhat in the identification of the shadow wage equation, though not evidently in the market wage equation. It does not appear to impart a bias to welfare estimation, as the welfare estimates produced by the two models are not significantly different from one another.
The presence of a non-beach alternative in the model allows for the calculation of the per-day value of access to area beaches for county beach users. The compensating variation measure of this value is between $21 and $23 per day, which is a value per choice occasion (assumed to occur daily, as the sample included beach users who went daily).
The estimates of the value of a beach day in San Diego County fall within the (rather broad) range of previous beach values for California. Compared to the Lew and Larson (2005b) model based on a single (most recent) trip, which generated expected beach day values of about $28, the repeated RUM model reported here that uses information on all trips generates values that are about 20% lower. Hanemann et al. (2004) cite several estimates of daily beach value for Los Angeles, Orange, and San Diego County beaches, a number of which were based on adaptations of studies from other areas, with a range of $8 to $81 per day. Their own estimate based on surveys conducted in Los Angeles County was $11 per day. This latter estimate is the one most comparable to ours, since it was also based on original data collection and a repeated-RUM framework. It falls within the 95% confidence interval for both the full sites model and the aggregate sites model. 27 While this article extends the repeated NMNL framework to better account for the opportunity cost of time devoted to recreation, it has some of the same limitations. For example, the number of choice occasions is specified arbitrarily (though in a way that is consistent with the observed patterns of beach visits), which seems inevitable given the unobservability of choice occasions. Also, as with other applications of the RL, it is assumed that there is no correlation between choice occasions. While this article shows how measurement error in the latent shadow value of leisure time generates the more flexible random parameters version of the MNL model, it should be possible to allow more key economic parameters, such as the marginal utility of income, to be random as well. Additionally, while there is an explicit role for (full) income in the shadow value of leisure time, linearity of indirect utility means that income drops out of the choice probabilities (even though the income effect is still present via the price coefficients). A role for incomes independent of price in the choice probabilities could be introduced through use of nonlinear indirect utility functions or (where appropriate) relaxing the assumption that everyone consumes one unit of the good being chosen.
